We herein report the case of a patient with adult-onset Satoyoshi syndrome. Alopecia was detected on the patient's head, left leg and abdomen, with pigmentation on the left thigh and abdomen. Painful muscle spasms were also noted in the abdomen and left upper and lower extremities, and a sensory disturbance was present in the left thigh. A skin biopsy of this field showed lymphocyte infiltration, and the patient was found to be positive for antinuclear antibodies and rheumatoid factor. These clinical findings were atypical, as they were lateralized. This case is the first report of Satoyoshi syndrome associated with a sensory disturbance. The patient's histological findings and positivity for autoantibodies indicated the presence of immunological abnormalities in this case of Satoyoshi syndrome.
Introduction
Satoyoshi syndrome is a childhood-onset progressive multisystem disorder characterized by the triad of progressive intermittent painful muscle spasms, alopecia, and diarrhea (1) . Painful muscle spasms and alopecia are the most frequent features of Satoyoshi syndrome (1), usually followed by diarrhea (1) . Patients who develop this syndrome before 12 years of age often exhibit skeletal abnormalities and growth retardation (2) (3) (4) . Other clinical findings include low levels of serum protein and total cholesterol (2) , and endocrine disturbances, such as amenorrhea with a tendency toward the development of a hypoplastic uterus and ovaries (1) . Complications of autoimmune diseases, such as myasthenia gravis (5) as well as the presence of autoantibodies (auto-Abs) (2, (6) (7) (8) (9) (10) (11) and responsiveness to treatment with corticosteroids (9, (11) (12) (13) and intravenous immunoglobulin (IVIG), have been reported in patients with Satoyoshi syndrome (7, 14) , indicating that an autoimmune mechanism may play a role in the onset of this syndrome, although the precise underlying mechanism remain unknown. The age of onset of Satoyoshi syndrome ranges from 5 to 19 years, with a mean age of 11 years (2, 15); however, adult-onset Satoyoshi syndrome is rare, having so far been reported in only a few patients (2, 7, (15) (16) (17) . We herein report the case of a man with adult-onset Satoyoshi syndrome whose clinical features showed prominent laterality.
Case Report
A 45-year-old Japanese man was admitted to our hospital with complaints of painful muscle spasms in the upper and lower extremities on the left side and abdomen, with alopecia on the head and left thigh. The patient first noticed painful muscle spasms in the calf on the left side at 42 years of age, which gradually spread to the left thigh at 43 years of age, followed by the abdomen and left arm. Alopecia subsequently appeared on the head and left thigh at 44 years of age. The patient was ultimately admitted to a local hospital at 45 years of age, where he received etizolam and tizanidine, with unsatisfactory effects; therefore, he was referred Figure 1 . Pictures of the head (A), abdomen (B), and thigh on the left side (C). Alopecia was noted on the head (white arrows) (A) and left side of the abdomen (B), as well as the thigh on the left side (C). Multiple magenta-pigmented spots were detected on the abdomen (black arrows) (B) and thigh (C) on the left side. Rt: right to our hospital. His past history included hepatitis B at 26 years of age; however, his family history was unremarkable. In addition, diarrhea was absent at the time of onset.
On a physical examination, both anemia and jaundice were absent. The patient was 174.7 cm in height and weighed 66 kg. Alopecia was detected on his head as well as abdomen, thigh and lower leg on the left side (Fig. 1) . Multiple magenta-pigmented spots were also noted on the abdomen and thigh on the left side (Fig. 1B, C) . However, there were no joint deformities or skeletal abnormalities in the trunk or the four extremities. On a neurological examination, no abnormalities were noted in the patient's cranial nerves, muscle strength or muscle tone in the four extremities, deep tendon reflexes, coordination, standing, or gait. Babinski's sign was negative, and both muscle hypertrophy and atrophy were absent. The sensations of pinprick and light touch were moderately decreased in the lateral portion of the left thigh. The presence of abnormal sensations in this region was accompanied by alopecia and pigmentation. Vibrations and joint point sensations were normal. Painful muscle spasms occurred in the upper and lower extremities on the left side and the lateral portions of the abdomen on both sides 10 to 15 times a day. Painful spasms were also induced by muscle contractions in the left lower extremity.
The findings of a chest X-ray were normal, and an abdominal X-ray showed no abnormal gas in the intestinal tract. The patient's blood cell count was normal, as were the results of blood chemistry tests, with the exception of mildly increased levels of total cholesterol (222 mg/dL, normal; 159-219 mg/dL) and triglycerides (189 mg/dL, normal; 50-149 mg/dL). Meanwhile, the levels of creatinine phosphokinase, myoglobin, aldolase, vitamin B1, vitamin B2, folic acid, lactate, and pyruvate in the serum were normal. The immunoglobulin G (IgG) titer was also normal (1,547 mg/ dL, normal; 870-1,700 mg/dL); however, antinuclear antibodies (ANA) were positive, with a titer of 1:640 (speckled pattern). In addition, the level of double-stranded DNA was within the normal range (1.9 IU/mL; normal <12 IU/mL), whereas rheumatoid factor (RF) was positive (171 IU/mL, normal; <10 IU/mL). Furthermore, the CH50 level was normal (39.8 IU/mL, normal; 25.0-48.0 IU/mL), while antiglutamic acid decarboxylase antibodies were negative. The levels of free T3, free T4, thyroid-stimulating hormone, and adrenocorticotropic hormone were also normal, and antithyroglobulin antibodies (ATGA) and anti-thyroid microsomal antibodies (ATMA) were negative. A cerebrospinal fluid analysis disclosed neither pleocytosis nor elevation of total proteins. The MRI findings of the head and total spinal cord were normal. On surface electromyography (sEMG) (Fig. 2) , continuous muscle discharges were noted in the quadriceps femoris and tibialis anterior muscles on the left side and in the abdomen after the muscles in the left lower extremity contracted. The continuous muscle discharges in these four areas gradually receded after the patient was instructed to relax his muscles. Meanwhile, painful muscle spasms were clinically observed in these four areas while continuous muscle discharges appeared on sEMG. Continual muscle discharges were also detected in the rectus abdominis muscle on the left side after the patient was instructed to relax (Fig. 2) . Needle electromyography (nEMG) of the gastrocnemius muscle on the left side showed continuous discharges at the time of spasms in this muscle (Fig. 3) . In contrast, spontaneous and myotonic discharges were negative at rest on nEMG. The histological findings of the skin on the lateral portion of the left thigh showed lymphocyte infiltration in the papillary and reticular layers of the dermis and a remaining sebaceous gland (Fig. 4) . In addition, an immunohistochemical study of the skin using antibodies to CD3 (monoclonal antibody, Novacastra TM , Leica Biosystems, Newcastle, UK, 1:100) and CD20 (monoclonal antibody, Anti-Human CD20cy, DAKO, Glostrup, Denmark, 1:1,600) demonstrated CD3-positive lymphocytes in the dermis (Fig. 5) . No CD20-positive lymphocytes, i.e., B-cell, were detected. Dantrolene sodium was prescribed at a daily dose of 75 mg/day, and the patient's painful muscle spasms gradually disappeared, although the alopecia and sensory disturbance remained unchanged.
Discussion
Satoyoshi syndrome is a disorder with multisystem involvement (1). Progressive alopecia, diarrhea, and intermittent painful muscle spasms throughout the body are the three cardinal symptoms of this disease (18) . Other clinical findings include secondary skeletal abnormalities and endocrinopathy (1). The typical age of onset is before 15 years of age (18) . Muscle spasms are the initial symptom in nearly all patients with Satoyoshi syndrome (15) and usually begin between 4 and 19 years of age (1) . In general, the severity of alopecia is in proportion to that of the muscle spasms (15) . The present patient was diagnosed with Sa- toyoshi syndrome, based on the presence of progressive painful muscle spasms and alopecia; however, the adult onset of the initial symptoms, prominent laterality of the clinical features, absence of diarrhea, and presence of sensory disturbances observed in this case were atypical compared to the features of the usual form of this disease. In particular, sensory disturbances have not been noted in previously reported patients with Satoyoshi syndrome. The sensory disturbance detected in our patient was considered to be related to the pathogenesis of Satoyoshi syndrome, as disturbances were noted in the regions with pigmentation and alopecia. Most patients with childhood-onset Satoyoshi syndrome present with skeletal abnormalities and subsequent growth retardation due to the muscle spasms (2-4). However, our patient did not show any evidence of skeletal abnormalities or growth retardation. Meanwhile, nEMG demonstrated continuous muscle discharges during the painful muscle spasms, consistent with the cramping discharges, and sEMG showed continuous muscle discharges in the affected muscles. The appearance of continuous muscle discharges on both nEMG and sEMG reflected abnormalities in the function of the muscles affected by spasms in our patient. Skin biopsies were performed in two previously reported patients with childhood-onset Satoyoshi syndrome (9, 11). The histological findings of the skin were normal in one patient (9), while the other patient exhibited lymphocyte infiltration in the peribulbar area of the deep dermis (11) . In contrast, the lymphocyte infiltration had spread to the papillary layer from the reticular layer in the dermis of the pigmented skin in our patient. CD3 is closely associated with the T lymphocyte antigen receptor (19) . Therefore, the CD3-positive lymphocytes detected in our patient's skin were T lymphocytes (Fig. 5) . The sites of termination of sensory peripheral nerves are called free nerve endings (FNEs) (20) , and are distributed throughout the body. FNEs in the skin detect temperature, mechanical stimuli (touch, pressure, stretch), and pain (20) . It is possible that impairment of FNEs due to the infiltration of T lymphocytes induced the sensory disturbance observed in our patient. Two previous reports have documented the role of functional abnormalities of the neurons in the spinal cord in the pathogenesis of Satoyoshi syndrome (16, 21) . For example, Merello et al. (16) reported that the muscle spasms observed in their study were caused by the interruption of the inhibitory effects of Renshaw cells on motor neurons, based on the findings of an nEMG examination. Similarly, Drost et al. (21) reported that deregulation of alpha motor neurons leads to muscle spasms, based on the results of an sEMG study. We therefore consider that the dysfunction of motor neurons in the spinal cord occurred predominantly on the lateral side in this case, thus resulting in the prominent laterality of the patient's muscle spasms.
Reports of adult-onset Satoyoshi syndrome are rare (2, 7, (15) (16) (17) , with only five patients with adultonset Satoyoshi syndrome having been reported (Table) (2, 7, 15-17). The most common age at onset was in the 30s in three patients (2, 16, 17) . In addition, painful muscle spasms developed on both sides in four patients (2, 7, 16, 17) and unilaterally side in two patients (15), including our patient. In contrast, alopecia occurred in all six patients (2, 7, (15) (16) (17) , while pigmentation of the skin was observed in only two patients (15) , including our patient. Meanwhile, four patients presented with diarrhea (2, 7, 16, 17) , although this symptom was absent in this case. Importantly, sensory disturbances were detected in our patient alone. A unilateral presentation of clinical features was noted in two patients (15) , including our patient, both of whom also exhibited skin pigmentation (15) . Furthermore, auto-Abs were detected in three patients, including our patient (2, 7); ANA were detected in these three patients in common (2, 7), whereas both ATGA and ATMA were positive in the two reported patients with Hashimoto's thyroiditis (2, 7) . RF was also detected in our patient, although complicating autoimmune diseases, such as rheumatoid arthritis, were absent in this case. A skin biopsy was performed in our patient alone among those with adult-onset Satoyoshi syndrome. An autoimmune mechanism has recently been considered in the pathogenesis of Satoyoshi syndrome. The lymphocyte infiltration in the skin and presence of auto-Abs noted in the current case support the role of an autoimmune mechanism in the pathogenesis of Satoyoshi syndrome, although it is difficult to explain the prominent laterality of clinical features observed in our patient, based on the effect of an autoimmune mechanism. Moreover, immunosuppressive therapy was administered in the two patients with Hashimoto's thyroiditis (2, 7) as well as prednisolone (2, 7), while IVIG and cyclophosphamide were administered in only one (7) of these patients, with satisfactory results (2, 7) . In addition to immunosuppressants, the use of dantrolene sodium (22) , botulinium toxin (16) and antiepileptic drugs, such as carbamazepine (23, 24) has been reported in cases of Satoyoshi syndrome in order to suppress the painful muscle spasms associated with this disease. Dantrolene sodium was most frequently prescribed (five patients) and found to be beneficial among previously reported cases (2, 7, (15) (16) (17) , including our patient.
We herein reported the case of a patient with atypical adult-onset Satoyoshi syndrome who displayed prominent laterality of clinical features and sensory disturbances. This case is the first report of Satoyoshi syndrome to involve a sensory disturbance. Electrophysiological examinations detected functional abnormalities in the muscles affected by spasms, and characteristic lymphocyte infiltration was confirmed in the regions with sensory disturbances and pigmentation in this case. The confirmation of lymphocyte infiltration in the skin and presence of auto-Abs in our patient suggests the role of immunological abnormalities in the pathogenesis of Satoyoshi syndrome.
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